We report on the results from our measurements of the interstellar medium (ISM) abundances for the elements O, Ne, Mg, Si, and Fe in the Large Magellanic Cloud (LMC). We used the archival Chandra data for sixteen supernova remnants (SNRs) in the LMC (0453-68.5, DEM L71, N23, 0519-69.0, N49B, N132D, N49, N206, 0534-69.9, DEM L238, N63A, Honeycomb, N157B, 0540-69.3, DEM L316B, and 0548-70.4). Our results represent LMC abundance measurements based on the modern Chandra data. We place tight constraints on our measured elemental abundances and find lower abundances than previous measurements by Hughes et al. (1998) (by a factor of ∼2 on average except for Si) who utilized similar methods based on a smaller sample of ASCA data of SNRs in the LMC. We discuss origins of the discrepancy between our Chandra and the previous ASCA measurements. We also discuss our results in comparisons with the LMC abundance measurements in literatures.
INTRODUCTION
Measurements of the interstellar medium composition are essential for understanding galactic evolution and star-formation history. The Large Magellanic Cloud (LMC) provides an excellent laboratory for the study of its interstellar medium (ISM) thanks to its proximity (∼50 kpc) and its low Galactic foreground absorption (N H,Gal ∼ 6× 10 20 cm −2 ) (Dickey & Lockman 1990) . Supernova Remnants (SNRs) are excellent probes of their surrounding ISM. The forward shock propagates through the ISM sweeping and heating it up. In young SNRs this swept-up ISM is hot enough to radiate in Xrays, allowing us to study interstellar metallicity based on X-ray observations. X-ray spectroscopy of SNRs to measure the metal abundances of gas-phase ISM was pioneered by Hughes et. al 1998 (hereafter H98) who utilized the integrated X-ray spectra of seven LMC SNRs, taken by ASCA. This method is independent of and complementary to the optical spectroscopy of stars and HII regions (e.g., Russell & Dopita 1992) . With the high resolution imaging of modern Chandra data, we are now able to resolve shocked ISM features from regions with metal-rich ejecta thereby allowing us to perform accurate measurements of uncontaminated swept-up ISM elemental abundances (see Hughes et al. 2003 Hughes et al. , 2006 Park et al. 2003a Park et al. , 2012 Borkowski et al. 2007 ). Thus, revisiting these LMC abundance measurements based on the high resolution Chandra data of LMC SNRs is warranted.
In this paper we analyze archival Chandra data of sixteen SNRs located throughout the LMC to estimate the ISM abundances of the LMC. Taking advantage of these high-resolution Chandra data (angular resolution of ∼0.5 on axis, which is two orders of magnitude improvement from the ASCA data), we are able to effectively isolate the swept-up ISM from any metal-rich ejecta and/or pulsar wind nebulae (PWN) to make more realistic measurements of metal abundances in the LMC ISM. With our larger sample size we can also significantly reduce statistical uncertainties on the abundance measurements to help improve the accuracy of the LMC metallicity.
Here we report the results of our measurements of the ISM abundances of O, Ne, Mg, Si, and Fe in the LMC. In Section 2 we describe our data. In Section 3 we explain our regional selection, spectral extraction, and model fitting applied to each SNR. In Section 4 we compare this work with H98 results, comment on the utility of our new abundance measurements, explore possible spatial variations of the ISM composition throughout the LMC, compare this work to other abundance measurements, and briefly discuss individual SNRs. Finally, a summary is presented in Section 5.
OBSERVATIONS & DATA REDUCTION
There are 59 detected SNRs in the LMC (Maggi et al. 2015) and so far 25 of them are available in the Chandra archive. We selected sixteen SNRs based on two criteria: (1) they show a well-defined swept-up ISM shell, and (2) they are relatively bright and/or observed with a long exposure time to allow us statistically significant measurements of elemental abundances in its swept-up shell. All of these sixteen SNRs were observed using the ACIS-S3. The archival Chandra data of these sixteen SNRs are comprised of thirty-four ObsIDs (Table 1) . Although there are a number of Chandra observations for SNR 1987A we chose to exclude this remnant in our study. Xray emission from SNR 1987A is dominated by shocked circumstellar material from the massive progenitor (Sonneborn et al. 1987 ), which may not represent the ambient LMC abundances. We processed these individual ObsIDs using CIAO 4.3 and CALDB 4.4 which include corrections for the charge transfer inefficiency and the time-dependent contamination rate of the optical blocking filter. The change in the contamination rate of the optical blocking filter in 2009 reduced the quantum efficiency of the ACIS by an additional ∼15% (which might have affected seven ObsIDs in our sample, in which the target SNRs were N49 and 0519-69.0). We then filtered these ACIS data following the standard data reduction procedure. There were periods of flaring background for observations of SNRs N63A and N49B. ObsID 777 (for the observation of N63A) had several short periods of high background (∼2 ks in total), and ObsID 1041 (for the observation of N49B) had relatively high background for the last ∼4 ks out of the total ∼43 ks exposure. We removed these time periods from our analysis.
ANALYSIS & RESULTS
Here we describe our general approach to measure ISM abundances for each SNR selected in this study. First we created a 3-color map for each SNR (with the color codes of red: 300-700 eV, green: 700-1100 eV, and blue: 1100-7000 eV) to locate the areas of soft X-ray emission ("red" regions) presumably from the swept-up shell in its outermost boundary (Figure 1 ). We verified our candidate swept-up ISM regions for individual SNRs in literature (also see Section 4.4). We excluded regions for which X-ray emission from the shocked metal-rich ejecta has been reported in literature. Based on these criteria we selected several small and/or thin regions in the outermost boundary of each SNR (Figure 1 ). We defined individual regions to extract at least ∼3,000 counts (in the 0.3-7 keV band) in each region to allow statistically significant spectral model fits. We binned each spectrum to contain a minimum of 20 counts per energy channel. We fit these candidate ISM spectra using a nonequilibrium ionization (NEI) plane-parallel shock (vpshock in XSPEC) model (Borkowski et al. 2001 ) with two foreground absorption column components, one for the Galactic column (N H,Gal ) and the other for the LMC column (N H,LM C ). The absorbing column for the Galaxy was fixed at N H,Gal = 6.5 × 10 20 cm −2 for the direction toward the LMC (Dickey & Lockman 1990) while N H,LM C was allowed to vary. We used NEI version 2.0 (in XSPEC) associated with ATOMDB (Foster et al. 2012) which includes inner shell lines and updated Fe-L lines (see Badenes et al. 2006 ). We performed background subtraction using source-free regions from just outside of each SNR. We fixed the redshift at z = 286 km s −1 for the LMC (McConnachie 2012) .
In this work we intend to measure abundances for all elemental abundances whose atomic line emission was present in the spectra. In the 0.3-7 keV band our sample of SNR spectra typically shows atomic line emission features for K-shell transitions in O, Ne, Mg, and Si as well as L-shell lines from Fe. Thus we fit the spectrum of each region in individual SNRs with the abundance values for O, Ne, Mg, Si, and Fe varied (hereafter, all elemental abundances are with respect to solar values [Anders and Grevesse 1989] ). We found no significant variations of our estimated ISM abundances and electron temperature for the sub-regions within each individual SNR. We then averaged these measured abundance values for each SNR and summarize them in Table 2 . We constrain the mean elemental abundances for each SNR within ∼20% (uncertainties are with 90% confidence, hereafter). Representing the mean interstellar abundances of the LMC, our average measured elemental abundances estimated from all sixteen SNRs, as listed in Table 2 , are significantly lower (by a factor of ∼2 except for Si) than those measured by H98 (see Figure 3 for comparisons of the seven SNRs shared by both studies). Figure 3 . Except for Si our measured elemental abundances are generally lower than H98 by a factor of ∼2. We identify several contributors to the discrepancy between H98 and our work. First, due to the large point spread function of the ASCA detectors (∼ 2 half power diameter), H98 analyzed the X-ray spectra integrated over each entire SNR, while we used spectra extracted from resolved swept-up ISM features in each SNR. It has been well documented that N49, N49B, DEM L71 and N132D contain emission from metal-rich ejecta both in their central regions and in some cases even out near the outermost edges Park et al. 2003a Park et al. , 2012 Borkowski et al. 2007 ).
N49B contains Mg-rich ejecta in an extensive area in the SNR center ). In fact, although statistical uncertainties are relatively large, H98 measured a higher Mg abundance (∼50% higher) for N49B than in other SNRs in their sample (see Figure 3) . DEM L71 contains a Fe-rich central ejecta nebula , and H98 measured a significantly higher Fe abundance in DEM L71 than in the other SNRs in their sample (∼50% higher, see Figure 3 ). N49 contains Si-and Srich ejecta regions in its interior and in an "ejecta bullet" feature in the southwestern boundary ). N132D shows enhanced O abundance throughout its interior ). We excluded these ejectadominated regions in our abundance measurements. Any embedded pulsar and/or PWN might also have affected abundance measurements in the ASCA data. N49 is coincident with an X-ray counterpart of a soft Gammaray repeater (SGR 0526-66; e.g., Park et al. 2012 ) while 0435-68.5 contains a PWN (e.g., McEntaffer et al. 2012) . The continuum-dominated emission from these pulsars and/or PWNe might have resulted in underestimates of abundances when the integrated SNR spectrum was used to measure them.
To investigate the effect from metal-rich ejecta on ISM abundance measurements we have taken two regions from DEM L71 (one ISM region [the yellow region in Figure  4 ] and one metal-rich ejecta region [red region in Figure  4 ]) with similar photon statistics. We performed spectral model fits for the ISM region, the metal-rich ejecta region, and the combined ISM + metal-rich ejecta region (Figure 4 ). We fixed in our measured ISM abundances for DEM L71 (see Table 2 ) into each spectral model, and allowed the electron temperature, ionization timescale, and normalization to vary. The fit was statistically acceptable for the ISM region (χ 2 ν = 1.01). The fit was statistically unacceptable for the metal-rich ejecta region (χ 2 ν = 7.0) and the fit was also statistically unacceptable for the combined spectrum (χ 2 ν = 2.85). We then refit the three spectra allowing the elemental abundances for O, Ne, Mg, Si, and Fe to vary, and found statistically acceptable fits for all three spectra (ISM χ 2 ν = 1.0, Ejectaχ 2 ν = 1.1, ISM + Ejectaχ 2 ν = 1.1). For the ISMonly spectra we found metal abundances similar (within ∼10% uncertainties) to our measurements for DEM L71 shown in Table 2 . For the metal-rich ejecta region we found significantly enhanced abundances compared to the ISM-only spectrum abundances: the Si and Fe abundances are higher than the ISM-only values by a factor of ∼2 and an order of magnitude, respectively. For the combined spectra, as perhaps expected, we estimated moderately enhanced abundances compared to the ISM-only abundances: i.e., the Ne and Fe abundances are higher than the ISM-only values by a factor of ∼2, and the Si abundances is ∼20% higher than the ISM-only value. We note that these moderately enhanced abundances in the combined spectrum are in good agreement with those measured by H98 for DEM L71. Our test analysis of N49, N49B, and N132D shows similar results.
Similarly we show the effect of PWN on ISM abundance measurements. We selected one ISM region (the green region in Figure 5 ) and one region from the PWN (the red region in Figure 5 ) from 0453-68.5 with similar photon statistics. We performed spectral model fits for the ISM region, PWN region, and the combined ISM + PWN region ( Figure 5 ). We fixed in our measured ISM abundances for 0453-68.5 (Table 2 ) into each spectral model, and only allowed the electron temperature, ionization timescale, and normalization to vary. The fit was statistically acceptable for the ISM-only region (χ 2 ν = 1.1 with energy range and E = 0.3 − 2.0 keV). The fit was statistically unacceptable for the PWN region (χ 2 ν = 2.5 with energy range E = 0.3 − 5.0 keV) as well as the ISM+PWN region (χ 2 ν = 2.9 with energy range E = 0.3 − 5.0 keV). We then re-fit all spectra allowing the elemental abundances to vary. We found statistically acceptable fits for each individual spectrum (ISM χ 2 ν = 1.1, P W N χ 2 ν = 1.3, and ISM P W N χ 2 ν = 1.4). For the ISM-only region we measured metal abundances similar (within ∼ 10% uncertainties) to our measurements for 0453-68.5 shown in Table 2 . For the PWN region we found somewhat low abundances ( ∼ <0.1 solar) compared to those in the ISM-only regions (Table 2) . For the ISM+PWN region we also found somewhat lower abundances ( ∼ <0.1 solar) compared to those in the ISM-only regions (Table 2 ). H98 indeed found ∼10-50% lower Ne, Mg, and Si abundances compared to the rest of the SNRs in their sample, and they interpreted that the lower mean abundance for this remnant is due to less contamination by metal-rich ejecta (see Figure 5 in H98) .
To test the model-dependence of abundance measurements between H98 and this work we fit the ASCA data of the seven SNRs (used in H98) with the NEI planeshock model used in this work. Based on our planeshock model fits of ASCA data, we measured the elemental abundances of O, Ne, Mg, Si, and Fe ( Figure  6 ). Our abundance measurements for Ne and Fe are consistent with those by H98, while our O, Mg, and Si abundances are somewhat different than those by H98 ( Figure 6 ). This suggests a model-dependence in abundance estimates for O, Mg and Si. Also, we fit the integrated Chandra spectra (extracted from each of the seven SNRs) with our NEI plane-shock model, and measured the elemental abundances of O, Ne, Mg, Si, and Fe ( Figure 6 ). Abundance measurements are generally consistent between these Chandra and ASCA plane-shock model fits, whereas the Fe abundance is somewhat lower in our Chandra measurement. These results suggest that, in addition to the ejecta effect, there appears to be a model-dependence in abundance measurements as well as some systematic uncertainties between Chandra ACIS and ASCA SIS data (probably at a less-significant level).
Finally, we note that the Chandra ACIS-S3 detector is significantly more sensitive than that of the ASCA SIS detectors with a ∼three times larger effective area at E ∼ < 1 keV. Considering that O, Ne, and some Fe-L emission lines are located at energies below 1 keV, measuring abundances for those elements based on Chandra data would be generally more advantageous.
4.2. Application of Our New LMC Abundances: Case of N63A X-ray emission from some LMC SNRs has been shown to be dominated by emission from the swept-up ISM, because their measured elemental abundances are roughly consistent with the previously known LMC abundances (e.g., N132D ], N63A ], etc). Based on our new measurements of the LMC abundances, we revisited some of those ISM-dominated LMC SNRs. Here we briefly discuss the case of N63A as an example. We divided N63A into many small subregions utilizing an adaptive mesh grid. Each region in the grid was created to contain a minimum of 3,000 photon counts in the 0.3-7 keV band. Our adaptive mesh created 346 regions for N63A (Figure 7) . We extracted the spectrum from each region. Then we performed two different spectral model fits for each regional spectrum utilizing a NEI plane-shock model; one fit with elemental abundances fixed at our mean LMC ISM values (Table  2) , and the other one with abundances fixed at H98's mean abundance values (Table 2) . We allowed the foreground absorption column, electron temperature, ionization timescale, and normalization to vary. From these fits we created a map of the reduced chi-square (χ 2 ν ) for each of these two model fits for all 346 regions ( Figure  7 ). The overall χ 2 ν values are significantly smaller in the model fits with our new LMC abundances than those with H98 abundances (e.g., 243 out of 346 regions show χ 2 ν < 1.6 with our new LMC abundances [ Figure 7a ] while only 88 out of 346 regions show similarly good fits with the H98 abundances [ Figure 7b] ). In these model fits H98 abundances typically overestimate the observed atomic line fluxes.
We note that some sub-regions of N63A show a high χ 2 ν when their spectra are fitted with our new LMC abundances (particularly around the central parts of the SNR). For these regions our LMC abundances under-predict the observed emission line fluxes, suggesting the presence of overabundant ejecta-dominated regions there. It is remarkable to reveal the (previouslyunknown) candidate ejecta dominated regions in N63A based on our new LMC abundance values. The detailed study of N63A is beyond the scope of this work, and we will present our detailed analysis of N63A in a separate paper. These results from our case study of N63A show the utility of measuring the accurate values of LMC ISM abundances.
Comments on Spatial Variation of LMC Abundances
We explore variations of the ISM abundances across the LMC (see Figure 2 for each SNR's location across the face of the LMC). We first investigate any spatial variation of our measured LMC abundances depending on SNR types (Type Ia vs core-collapse (CC)) with which we measured their "local" ISM abundances. In our sample we have ten CC SNRs, five Type Ia SNRs, and one un-typed SNR (Table 2) . We find no significant variation in elemental abundances for Ne, Mg, Si, or Fe among these different types of SNRs (Figure 8) . The O abundance appears to show a marginal enhancement for N63A, N49, and N49B (the best-fit values are ∼50% higher than those for the rest of the SNRs in our sample). All of these three SNRs are located near the northern boundary of the LMC (Figure 2) . Possibly, this part of the LMC may contain O-enhanced environments than the rest of the LMC.
We also explore variations of ISM abundances between star-forming (SF) and non-star-forming (NSF) environments. In our sample there are ten SNRs located in star-forming environments while the remaining six SNRs are located in non-star-forming environments (see Figure  2 ). For Ne, Mg, and Si there are no significant variations between SNRs in either environment. The O abundance shows marginal evidence of enhancements in star-forming environments ( Figure 9 ). This is likely due to the moderate enhancement of the O abundance in N63A, N49, and N49B (Figure 8 ), all of which are located in starforming environments near the northern boundary of the LMC. We note that the 30 Dor region (the largest active star-forming region in the LMC) does not show evidence for an O-enhancement compared to the other parts of the LMC. Thus, if the O enhancement in the northern boundary of the LMC is true, its origin is unclear. It is also worth mentioning that the Fe abundance appears to be marginally enhanced in the non-star-forming regions. However, this suggestive Fe-enhancement is not conclusive in the current data, and thus it is difficult for us to further discuss it. (Figure 10) . Lapenna et al. (2012) showed that metallicity distributions tend to peak at about -0.57 dex for most field star samples; e.g., [Fe/H] = 6.9. This is in general agreement (within ∼10%) with our measurement of [Fe/H] = 6.84 +0.03 −0.02 . Also, our results are in good agreement with those by Korn et al. (2000) for Mg and Si (Figure 10 ). There is discrepancy between our LMC abundance measurements and those by Russell and Dopita (1992) : i.e., our estimates are generally lower by a factor of ∼2-3. The origins of this discrepancy are unclear. Possibly there are systematic differences between measuring the ISM abundances using different objects (e.g., SNRs vs HII regions/stars).
Recently Maggi et al. (2015) performed an X-ray study of 51 SNRs in the LMC utilizing XMM-Newton data. (Figure 10 ). We note that Maggi et al's results are based on the integrated spectrum from each SNR (due to the poor resolution of the EPIC detectors) rather than the spatially-resolved spectroscopy used in our study. Also, statistical uncertainties on their ISM abundance estimates are significantly larger than those on our measurements typically by a factor of ∼3-4. While LMC abundance measurements are generally consistent between Maggie et al. (2015) and this work, we conclude that our results based on the high resolution Chandra data represent more accurate estimates of the LMC abundances. 0453-68.5 is a faint, aged (>17,000 yr), SNR showing a clear limb-brightened shell that is dominated by Xray emission from the swept-up ISM . 0453-68.5 contains a PWN at its center solidifying its classification for a CC explosion McEntaffer et al. 2012 ). We selected six regions from around the outer swept-up shell, as shown in Figure 1a , to estimate abundances for O, Ne, Mg, and Fe. Our abundance measurements from these six sub-regions are all consistent within statistical uncertainties, and thus we summarize the average abundances in Table 2 . We were unable to constrain the Si and S abundances in 0453-68.5 because of the spectrally-soft nature of the X-ray emission (photon statistics are poor at E > 1.5 keV). Russell and Dopita (1992) . Thus, their O abundance measurement might have been affected by those fixed abundance values for other elements.
DEM L71
DEM L71 shows a double-shock morphology consisting of an outer swept-up ISM shell surrounding a central bright region of reverse-shock heated ejecta . The composition of the metal-rich ejecta shows enhanced Si and Fe abundances, with a lack of O, classifying it as a Type Ia SNR . We measured the elemental abundances for O, Ne, Mg, Si, and Fe based on spectra extracted from seven regions along the outer swept-up shell (Figure 1b) . The measured elemental abundances were consistent among all these seven sub-regions, and the averaged abundance values are shown in Table 2 . Our measured elemental abundances are generally in agreement with those found in inner rim region of the swept-up shell by Hughes et al. (2003) .
N23
N23 is an irregular shaped SNR which appears to originate from a CC explosion of a massive star (Hughes et al. 2006 ). N23 shows a compact object near its center. This compact source is probably the stellar remnant from the explosion of a massive star, although its association with the SNR is still under debate , Hayato et al. 2006 . Hughes et al. (2006) found that most of the emission from N23 shows LMC-like elemental abundances, and found only one region (located near the center of the remnant, west of the compact object) with enhanced elemental abundances (∼2-3 × LMC abundances). We selected four regions from all around the outer boundary of the SNR (Figure 1c , avoiding the metal-rich region found by Hughes et al. 2006 ) and measured the elemental abundances for O, Ne, Mg, Si and Fe. The measured elemental abundances are consistent among the four sub-regions. We present the average values for our measured abundances in Table 2 . Our measured ISM abundance values are in good agreement with those in the east rim estimated by Hughes et al. (2006) . 4.5.4. 0519-69.0 0519-69.0 has been classified as a Type Ia SNR by Hughes et al. (1995) . They found that 0519-69.0 is an O-poor SNR with Fe-rich ejecta throughout its central regions. 0519-69.0 shows a clumpy morphology with a clear inner ejecta nebula surrounded by a thin shell of swept-up ISM . We selected four thin red regions (dominated by spectrally soft Xray emission) along the outermost boundary of the SNR (Figure 1d ) to measure the elemental abundances for O, Ne, Mg, Si, and Fe. The measured elemental abundances are consistent among all four sub-regions. The averaged abundances are shown in Table 2 . Abundance measurements from this outer swept-up shell of 0519-69.0 have not been previously reported in literature.
N49B
N49B shows Mg-and Si-rich ejecta near its center ). N49B shows bright circumferential filaments that are emission from dense shocked ISM. We selected six regions along the outermost boundary (Figure 1e) . We measured the elemental abundances for O, Ne, Mg, Si and Fe. Our measured elemental abundances are consistent among all six sub-regions, and the average abundance values are shown in Table 2 . Our measured abundances are in agreement with those measured in the bright southern swept-up shell by Park et al. (2003a) .
N132D
N132D is the brightest SNR in the LMC and belongs to the rare class of O-rich SNR. Optical observations have shown high-velocity O-rich ejecta, indicating a CC origin for this SNR (Morse, Winkler, & Kirshner 1995) . N132D interacts with CO clouds located all around the SNR supporting its CC origin (Banas et al. 1997; Sano et al. 2015) . N132D shows a complicated filamentary morphology in X-rays with moderately enhanced metalrich ejecta in its central regions ). We measured the elemental abundances of O, Ne, Mg, Si and Fe based on spectra extracted from eight sub-regions from the outermost boundary (Figure 1f ) and bright central filaments of the shocked ISM. The measured abundances are consistent among these eight sub-regions, and we present average abundance values in Table 2 . We note that in their ejecta spectral analysis Borkowski et al. (2007) assumed 0.4 solar abundances for the underlying emission component originating from the swept-up medium.
N49
A soft Gamma-ray repeater (SGR 0526-66), a rare class of highly-magnetized neutron stars, is projected within the boundary of N49 (Cline et al. 1982; Rothschild et al. 1994) , suggesting a CC origin for N49, although the physical association between SGR 0526-66 and N49 is unclear (Gaensler et al. 2001; Klose et al. 2004; Badenes et al. 2009; Park et al. 2012) . N49 shows some regions of Si-and S-rich ejecta (including an ejecta "bullet" in the southwest boundary ). N49 is also interacting with clumpy molecular clouds (Vancura et al. 1992) in the eastern and southeastern regions giving rise to complicated spectral nature of X-ray emission in that area . Avoiding these ejecta features and regions where the shock is interacting with clumpy molecular clouds, we selected two regions from the outermost boundary in the southern rim of the SNR ( Figure  1g ). Our measured abundances are consistent between the two selected regions, and are also in agreement with those measured by Park et al. (2012) . We measured the elemental abundances for O, Ne, Mg, Si and Fe, and the average abundance values are shown in Table 2 .
N206
N206 is a mixed-morphology SNR ) with a bright eastern band surrounded by a diffuse swept-up ISM shell. N206 is suggested be to a CC SNR based on observed ejecta elemental abundance structure . We selected two regions from the diffuse ISM shell (Figure 1h ) and measured the O, Ne, Mg, Si and Fe abundances. The elemental abundances were consistent between these two sub-regions. The average abundance values are shown in Table 2 . We note that our measured abundances are lower (by a factor of ∼2 for O, Ne, Mg and Fe) than those estimated by Williams et al. (2005) while our Si value is similar to that estimated by . This discrepancy appears to be due to metal-rich ejecta contamination of the ISM abundance measurements in from an ejecta feature in the western part of their ISM shell region. 4.5.9. 0534-69.9 and 0548-70.4 0534-69.9 and 0548-70.4 show a bright central metalrich ejecta nebula surrounded by a limb-brightened swept-up ISM shell . Based on low O/Fe abundance ratios in the central ejecta regions of both SNRs Hendrick et al. (2003) classified them as Type Ia explosions. In these SNRs the swept-up ISM emission can be clearly separated from the central ejecta emission. We extracted X-ray spectra from two outer boundary regions of 0534-69.9 (Figure 1i ) to measure the elemental abundances for O, Ne, Mg, Si and Fe. We selected four regions in the outermost shell for 0548-70.4 (Figure 1p ) and measured the elemental abundances for O, Ne, Mg, and Fe. The measured elemental abundances are consistent in all sub-regions in each SNR. The averaged elemental abundances for these SNRs are shown in Table 2 . There are no previous estimates of metal abundances in the swept-up shell in these SNRs in literature.
DEM L238
DEM L238 is characterized by a bright central emission surrounded by limb-brightened swept-up ISM emission to the north, east, and west. The bright central emission shows enhanced Fe abundance suggesting that DEM L238 is a Type Ia SNR ). We selected two regions from the outer shell to measure the elemental abundances for O, Ne, Mg and Fe (Figure 1j) . The measured elemental abundances from both regions are consistent with each other. The average elemental abundances are shown in Table 2 . There are no previous measurements of the abundances in the sweptup shell in DEM L238.
N63A
N63A is the second brightest remnant in the LMC and is embedded in an HII region with its position coincident with the OB association NGC 2030 ). This suggests a massive Population I progenitor for N63A (Chu & Kennicutt 1988) . N63A shows many interesting morphological features such as loops and plumes at the outer-most boundary of the SNR along with many filamentary features throughout the SNR. The loop and plume features appear to show LMC-like abundances . However, we exclude these regions from our ISM study since their origin (shocked ISM vs ejecta) is still unclear . Warren et al. (2003) showed that the column density toward N63A varies across the SNR. We selected seventeen regions in N63A from all around the outermost boundary (Figure 1k ). These regions show similar column densities to one another (as shown in Warren et al. 2003) . Initially we fitted these seventeen sub-regional spectra with the column density varied. The measured column densities are all consistent within statistical uncertainties, and thus we repeated our spectral model fits for all of these sub-regions with N H,LM C fixed at the mean value (N H,LM C = 1.1 × 10 21 cm −2 ). We measured the elemental abundances for O, Ne, Mg, Si and Fe (Table 2) . Our elemental abundances are in good agreement with those found by Warren et al. (2003) .
Honeycomb Nebula
The Honeycomb nebula is a peculiar SNR. Its name is due to its optical morphology consisting of over 10 loops (with sizes of ∼2-3 pc) created by a SN blast wave interacting with sheets of dense but porous interstellar gas ). Honeycomb's overall morphology is unlike most SNRs who show a coherent shell-like structure. We probed Honeycomb for possible metalrich ejecta and found no evidence of enhanced elemental abundances. We identified an X-ray point source located within the southwestern limb as a CXOXASSIST source (X053543.01-691817.5). We found that the X-ray spectrum of this point source can be equally fitted by several different models because of the poor photon statistics (240 counts in the 0.5-7 keV band): e.g., a power law (photon index Γ ∼ 1.9, N H,LM C ∼ 7 × 10 20 cm −2 with χ 2 ν = 0.7), a blackbody (kT ∼ 0.6 keV, N H,LM C ∼ 2 × 10 20 cm −2 with χ 2 ν = 1.4), and a plane shock (kT ∼ 8 keV, N H,LM C ∼ 5 × 10 20 cm −2 with χ 2 ν = 1.1). We note that the best-fit electron temperature for the plane shock model is extremely high and it is unlikely adequate for this point source. This suggests either a power law or blackbody model would be more appropriate to describe the observed X-ray spectrum of this source. The best-fit column for the blackbody model (N H,LM C ∼ 2 × 10 20 cm −2 ) favors this source's physical association with the Honeycomb nebula, while the column implied for the best-fit power law model (N H,LM C ∼ 7 × 10 20 cm −2 ) is considerably larger than that for the Honeycomb nebula (N H,LM C ∼ 2 × 10 20 cm −2 ). However, the uncertainties on the column measurements for this point source in these models are large due to poor photon count statistics. Deeper observations are required to reveal the true nature of this X-ray point source. We extracted two spectra from Honeycomb to measure the ISM abundances (Figure 1l ). One region from the entire northeastern limb and one region from the entire southwestern limb (excluding the X-ray point source). We measured the elemental abundances for O, Ne, Mg, and Fe (Table 2 ). There are no previous ISM abundance measurements for this SNR in literature.
N157B
N157B contains one of the most energetic pulsars known (PSR J053747.39 -691020.2 ). This pulsar is surrounded by a bright non-thermal X-ray nebula which likely represents a toroidal pulsar wind terminal shock observed edge-on . While N157B shows metal-rich ejecta through its interior close to the pulsar, diffuse swept-up ISM emission extends significantly to the north . We used one region from the northeast to measure the elemental abundances of O, Ne, Mg and Fe (Figure 1m ). Our measured elemental abundances are shown in Table 2 . There are no previous abundance measurements for the swept-up shell in this SNR. 4.5.14. 0540-69.3 0540-69.3 has been identified as one of a handful of O-rich SNR in the LMC, and it contains a bright pulsar and PWN which have been throughly studied at many different wavelengths (e.g., Middleditch & Pennypacker 1985; Manchester et al. 1993a Manchester et al. , 1993b Gotthelf & Wang 2000; Kaaret et al. 2001; Petre et al. 2007 ). These O-rich ejecta and central pulsar solidify its CC origin. 0540-69.3 contains non-thermal emission in the form of "arcs" in the eastern and western boundaries of the SNR, which are suggestive of efficient cosmic-ray acceleration in the SNR shock . Park et al. (2010) detected candidate metal-rich ejecta regions in the southern part of the SNR. We extracted spectrum from two regions in the western boundary of the SNR avoiding these PWN, non-thermal arcs, and candidate ejecta regions ( Figure 1n ). We measured the elemental abundances for O, Ne, Mg, Si, and Fe. Our measured elemental abundances are consistent between both regions and the average values are shown in Table 2 . Hwang et al. (2001) fixed elemental abundances at the LMC values by Russell and Dopita (1992) in their spectral model fit for their ambient medium region. However, their overall model fits are statistically poor (χ 2 ν = 1.7 − 2.5). They noted that their measurements might have been contaminated by metal-rich ejecta.
DEM L316B
DEM L316B is a faint SNR that shows several central knots surrounded by diffuse shell-like emission. DEM L316B has been typed as a CC SNR based on the observed ejecta abundance ratios (Williams & Chu 2005) . Avoiding metal-rich ejecta features throughout DEM L316B's center we extracted the X-ray spectrum from a shell region surrounding the entire SNR (Figure 1o ) to measure the ISM elemental abundances for O, Ne, Mg, Si and Fe. Our swept-up shell region is similar to Region 12 in Williams & Chu (2005) . We are unable to compare our elemental abundance values to those found by Williams & Chu (2005) since they did not exclusively provide the abundance values for Region 12. We note that Williams & Chu (2005) did find significantly underabundant Fe (Fe ∼ 0.10 ± 0.03) in some regions of DEM L316B, which is consistent with our measurement of the Fe abundances in this SNR.
SUMMARY
Using the high resolution archival Chandra ACIS data of sixteen SNRs in the LMC we measure the elemental abundances of O, Ne, Mg, Si and Fe of the gas-phase ISM in the LMC in an unprecedented precision in X-rays. For our spectral extractions we avoid any contamination from metal-rich ejecta and/or PWN. We find lower elemental abundances (by a factor of ∼2 for all elements except for Si) for the ISM in the LMC compared to those found by H98 who similarly used SNRs in the LMC (based on ASCA data). We attribute this discrepancy to several effects such as the overabundant metal-rich ejecta contribution in the ASCA data and spectral model-dependence of the abundance measurements. There also appears to be some systematic uncertainties between Chandra and ASCA detectors.
We find no significant variation of ISM abundances within individual remnants or between SNR types. The O and Fe abundances appear to show marginal evidence for variation between star-forming and non starformation environments. To confirm or dispute this suggested spatial variation of abundances, deeper observational data with a larger sample may be required. We compared our results with optical measurements of LMC abundances in literature and found agreements with recent results (e.g., Korn et al. 2000; Lapenna et al. 2012) . Our LMC abundance measurements are generally consistent with recent XMM-Newton results (Maggi et al. 2015) , although the XMM-Newton results involve larger uncertainties than those on our measurements. (Table 2) . ISM-only (yellow region), metal-rich ejecta only (red region), and their combined spectra. The residuals from the spectral model fits are shown at the bottom panel of each spectral plot. Green regions are the other regions used in our ISM abundance measurements. (Table 2) . ISM-only (green region), PWN only (red region), and their combined spectra. The residuals from the spectral model fits are shown at the bottom panel of each spectral plot. White regions are the other regions used in our ISM abundance measurements. 
